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Abstract. This paperdescribesanextensionto the MPI Standardhatoffersthe
potentialto increaseperformancefor receving messagesThis extension,the
ready-mode receive, is the receve-sideequialentof the ready-modesend.This
paperdescribeghe semanticof this new receve functionanddiscusseshe po-
tentialfor performancémprovementthatit offers.In particular we discusshow
the currenttrend toward using intelligent network interfacesmay increasethe
potentialfor significantperformancemprovement.

1 Intr oduction

In Februaryof 1996, the authormadean informal proposalto other membersof the
MPI Forumfor anew receie functionthatofferedthe opportunityfor increasegerfor
mance At the time, the MPI Forumwasworking on additionsandchangego version
1.0of the MPI Standard1], which becameViPI version2.0[2]. Theinitial reactionto
this proposalwaslargely negative, soa moreformal proposakwith supportingevidence
was never pursued However, we believe that the proposedeceve function warrants
furtherinvestigationfor severalreasonsin this paper we describethe proposedunc-
tion anddiscusshe possiblebenefitsit offers. We alsodiscusssomeof the alguments
thatwerepresentedgainstincludingthefunctionin the Standard.

Therestof this paperis organizedasfollows. The following sectiondescribeghe
new receve functionin detailanddiscusseshe possibleperformanceémplicationssur
roundingit. Includedin this sectionis a summaryof theinitial algumentsagainsthis
functionfrom othermemberf the Forum. Section3 continueswith arehuttal of these
argumentsandpresentsomefurthermotivationsfor investigatinghe possiblebenefits
of thenew receve operationWe concludeby summarizinghe key pointsof this paper
in Section5 andprovide anoutline of future activities in Sectior4.

2 The Ready-ModeReceve

The MPI versionl.2 Standarddefinesfour differentmodesfor sendingdata.Eachof
thesemodeshasdifferentsemanticsand associatedvith moving datathat affect how
the underlyingMPI implementatiorhandlesbuffering and completion.The standard-
modesendoperationhasno semantigguaranteeto buffering or completion.The MPI
implementations freeto useary buffering strateyy (e.g.send-sider recevve-side)and



completionmay or may not be tied to the existenceof a matchingpostedreceve at
the destinatiorprocessA buffered-modesendis alsofree to completeindependenof
actiity at the recever, but in this case,the sendingprocesshasgiven the MPI im-
plementationsufficient spaceto buffer the outgoingmessageshouldit needto. The
synchronous-modesenddoesnot completeuntil amatchingreceive operatiorhasbeen
initiated at the destinationIn additionto datamovement,this sendmodeprovidesan
explicit synchronizatiompointbetweertheprocessedzinally, theready-modesendmay
not be starteduntil a matchingreceve hasalreadybeenpostedat the destination.This
modeoffersthe opportunityfor increasegerformanceSincethereceveis guaranteed
to be posted,the sendercan make optimizationswith respectto avoid buffering and
avoiding handshak protocolswith therecever.

Theready-modeendis the only modewhosesemanticaredrivenby performance.
It is anindicationfrom theapplicationprogrammenf anopportunityto avoid protocol
andbufferingoverheadn theinteresiof increasegherformanceThepossiblebenefitof
ready-modas fairly straightforward.Eliminatingintermediatebuffering, especiallyfor
large messagessavesresourcesand avoids the performancealegradationof memory-
to-memorycopies.Avoiding handshakingprotocolseliminatesthe extra overheadof
communicatingwith the destinationprocessbeforemoving the data.To someextent,
thesecostsarerelatively easyto measure.

In contrastto modesfor sending thereareno equivalentreceve modesdefinedby
MPI for the semanticsassociatedvith messageeception.The semanticof a receve
operatioraredeterminedy thematchingsendoperation For example areceive opera-
tion thatmatcheswith a synchronousnodesendneedgo generat@nacknavliedgment
to the sendeiin orderfor the sendto complete A receve operationthat matcheswith
a standardmode sendmay not needto do anything to completethe send.Sincethe
semantic®f standard-moddjuffered-modeandsynchronous-modareall definedby
messageompletion,it is appropriatefor the receve operationto determinewhat if
anything needgo bedoneaftera matchingmessagéasbeenfound.

However, this is not the casefor the receve operationthat matchesa ready-mode
send.For this operation,the semanticis definedby messagenitiation. That is, the
ready-sendtannotstartuntil a matchingreceive hasbeenposted.Similar to the opti-
mization opportunityof a ready-modesend,the correspondingeceve operationthat
matchesa ready-modesendhasa possibleopportunityfor optimization.Sincethe se-
manticsof ready-modesendguaranteghat a matchingreceive hasbeenpostedat the
destinationthe matchingreceve operationis guaranteethatno matchingmessagéas
yetarrived.For aready-mode receive, thereis no needto searcha queueof unexpected
message®r a possiblematch.

2.1 Potential Benefits

The obvious potentialbenefitof the ready-modeeceve is avoiding the time needed
to searchan unexpectedmessageajueuebeforepostingthe receve. This time canbe
dependenbn several factors,but primarily dependson the averagelength of the un-
expectedqueueand the costassociatedvith traversingit. This informationis highly
dependenbn the MPI implementatiorandthe messag@assingstructureof the appli-
cation. The performanceancreasemay be significantfor MPI implementationavhere



the costof searchingan queueis relatively high or for applicationswvhoseunexpected
queuecangrow relatively long. Unfortunately no realdatafor thesetwo measurements
is readilyavailableor published.

For someimplementationssearchingan unexpectedqueuemay have side effects
beyondthetime wastedo performthe operationFor example,someMPI implementa-
tions(e.q.[3, 4]) maintaintwo structuregor maintaininganunexpectednessagegueue.
Part of the queueis maintainedby the network interfaceandpartis maintainednside
the MPI implementationFor our MPI implementatiorfor Portals3.0 [4], eventsre-
lated to unexpectedmessagesnust be maintainedin two separatequeuesMessage
receive eventsareplacedin aqueueby thenetwork interfaceandconsumedy the MPI
implementationlf MPI consumesan event from this queuethat doesnot matchthe
currentreceve operationjt musthold onto this eventin a separateueue.This could
potentially resultin several unneedednemory-to-memorycopiesof messagéeader
informationandpossiblydata.

Sincesearchinganunexpectedqueueandpostinga receve mustbeanatomicoper
ation,the MPI library mustbe extremelycarefulto retainatomicity. As such,thetime
neededo postareceieis dependenpnthefrequeny of messagarrival. If amessage
arrivesafterthe unexpectedqueueis searchput beforethereceve is posted this new
messagenustbe checledto insurethatit doesnot matchthereceve. If messageare
continuallycomingin while astandardeceve is beingpostedthe postwill bedelayed
until all of thereceveshave beenmadevisible to MPI andthe network hasquiesced.

Theperformancef aready-modeeceve shouldbedeterministicAdding anentry
to apostedreceve queueshouldtake afixedamountof time. Thisis unlikethestandard
receive mode,which musttraversean arbitrarily long queueand possibly exchange
protocol messagewvith the sender This deterministichehaior may be beneficialto
applicationswherethe exchangeof messageis moretightly synchronizedsuchasin
somesoft real-timeapplications Deterministicperformanceof postinga receve may
alsoenhanceperformancalelugging by making detectionof performanceanomalies
easier

Sincethe ready-modeeceve is a fundamentabperation,implementationsvhich
do not have supportfor it cansimply usethe standardreceve operation.The ready-
modereceve offers an optimizationopportunity but doesnot sacrificeportability or
correctnes$or thoseimplementationshatdo not take advantageof the opportunity

2.2 Drawbacks

A proposalfor a ready-modeaeceve function was never formally broughtto the MPI
Forum.Initial feedbackon the MPI mailing list waslargely negative, with afew mem-
bersadamantlyopposedo sucha function. Severalreasonsverecited.

First, the opportunityfor performances not readily evidentor easilyquantifiable.
No datawasavailableto supportthe claim thatthe ready-modeeceve could provide
asignificantperformancemprovementlt wasbelievedthathigh-performancepplica-
tions, atleastthosethatwould be concernediboutsarzing microsecond$®y not search-
ing a queue would have relatively shortunexpectedmessagejueuesAnd, if the un-
expectedqueuedoesgrow to a point wheresearchtiime would be significant,the MPI
implementatiorshouldconsidermsinga hashingfunctionto avoid alinearsearchThis



approachwould increasethe time to insertthe unexpectedinto the queuebut would
reducethetime neededo searchthe queue.

It wasalsopointedout that ready-modesendsare an optimizationintendedto ad-
dresslong messagesso saving a few microsecondgor a communicationthat takes
ordersof magnituddongeris of little or no gain.

As for deterministicperformancejt could be arguedthat for applicationswhose
communicatiorpatternsarerelatively consistentthe numberof unexpectedmessages
is likely to below. An applicationthatwould benefitfrom thedeterministiqperformance
of aready-modeeceveis unlikely to have anunexpectedqueudong enoughto cause
alargevariancen thetime neededo searclithequeue.

Aside from the technicalreasonselatedto performancetherewereotherreasons
not to considerthe ready-modeaeceve function. Thosemembersof the MPI-2 Forum
who participatedin the MPI-1 Forum indicatedthat the ready-modesendmodewas
acceptednto the Standardby a very closevote. Many on the Forum did not seeary
real performancéenefitfor ready-modeandin an effort to try to keepthe numberof
functionsfor datamovementminimal, did not supportit in thefirst place. Theready-
modereceve functionwasviewedasa furtheroptimizationfor amodethatwaslargely
unsupported.

Lastly, it was arguedthat an additionalreceie function would be too confusing
for applicationdevelopersin 1996,applicationdevelopershadlimited experiencewith
MPI, andary semanticchangéo the basicdatamovementoperationsvasviewedasan
additionalobstaclefor applicationdevelopers.The obvious dravbackis thatincorrect
useof theready-modeeceve functionwould causenon-complianprogramsandresult
in undefinedbehavior.

3 Curr ent Motivations

At this point we have discussedhe potentialbenefitsanddravbacksof a ready-mode
receive mode.We believe someof the original algumentsagainsthave weakenedover
time.

The importantquestionof the performancebenefitsstill remainsopen.The need
for empiricalevidenceremains We believe thatthe needfor investigatiorof theready-
modereceie hasgrown dueto theevolving networkingtechnologyto whichthecurrent
generatiorof MPI implementationss targeted.

Commaodity cluster computinghas displacedproprietary parallel systemsas the
mostpopularplatformfor high-endscientificandengineeringcomputing.Gigabitnet-
working technologythat utilizes intelligent or programmablenetwork interfacecards,
including Myrinet [5], Quadrics[6], and VIA [7], have characteristicghat may in-
creasehe costof unnecessarilyraversingthe MPI unexpectedqueue.Thesenetwork
cardscurrentlyall usea PC's PCI bus, which is a significantbottleneckto achieving
network performanceHigh-performancenessag@assindayerstypically avoid cross-
ing thePClbuswheneerpossible Unnecessarilgearchinghe MPI unexpectedqueue
may involve a significantamountof traffic onthe PCI bus. This maybeespeciallytrue
for implementationghat offload MPI functionality onto the network interfacecard,a



practicewhich is becomingmore commonasthe computationalpowver and memory
capacityof network interfacescontinuedo increase.

We also believe that advancedMPI implementationswill continueto move more
datamovementfunctionality from the userspacelibrary down to intelligent or pro-
grammablenetworking hardware. As this happensapplicationsseekingthe highest
levelsof performancewill migratetowardthosefunctionsin MPI thatoffer greaterop-
portunityfor optimization,suchasthe ready-modesendandpersistentommunication
mode.

In our experiencedevelopingand supportingMP| implementationdor large-scale
parallelmachinesye have seenapplicationghatrequirea significantnumberof unex-
pectedmessagesn fact,we have hadto enhancenimplementatiorsolelyonthebasis
of beingmoreflexible in supportingargernumbersf unexpectednessagegspecially
asapplicationsarescaledupto thousandsf processesThenumberof unexpectednes-
sagesncreasesvith the numberof processem thejob. We have seenapplicationghat
have exceededl024 unexpectedmessagesn only a few hundredprocessorsPerhaps
it canbearguedthatsuchapplicationsarepoorly designecr structuredlt maybepre-
cisely this type of applicationthat could benefitfrom restructuringusingready-mode
sendandreceve functions.

In additionto direct usageby applicationsthe ready-modereceve function has
mary possibleusesn supportingcurrentMPI functionalityor otherpossibleextensions
to the Standard.

One possibleusein the MPI-2 one-sidedoperations A possibleportableimple-
mentatiornof the Pl W n_get () functionwould beto postareceive andsendarequest
messagéeo the target. In this case therewould be no reasono searchthe unexpected
queueo seeif amatchingmessag@asalreadyarrived.This optimizationmaydecrease
thelatengy of the getoperationgspeciallyin the caseof anon-blockingget.

Somecollective operationsnay be ableto avail of theready-modeeceie aswell.
For example,MPl _Al | reduce and WPl _Reducescatter functionsmay be stagedso
sucha receve needsto be postedbeforea requestor contribution of datais given.
Avoiding a searchof the unexpectedqueuein this casemay not provide ary perfor
manceimprovementsinceall collectivesarecurrentlyblocking operationsShouldfu-
ture versionsof MPI supportnon-blockingcollectives,a ready-modeeceive may be
more effective. Neverthelesssincethe ready-modeeceie is a morefundamentabp-
eration,it may provide otherbenefitsheyondraw performanceo thesecollective oper
ations.

4 Future Work

We believe that the ready-modeeceie function may offer performancegainsfor ap-
plicationsusingthe ready-modesend We alsobelieve thatunnecessarilgearchinghe
MPI unexpectedqueuemayhaveresourcenanagemergideeffectsthatmayultimately
affect performancend/oreffective useof resourcesWe intendto explorebothof these
issuedn moredepthandhopeto provide experimentaresultsthatcanbeusedto deter
minethe effectivenes®f the proposedeceve operation.



Ideally, we would be ableto find a real-world applicationthatcanbe usedto char
acterizethe performancebenefitsof the ready-modeeceve. However, we alsointend
to gatherdatarelatedto the averagelengthof the MPI unexpectedmessagejueuefor
differentapplicationson variousnumbersof nodes.

A standardAPI or extensionfor gatheringow-level performancedatafrom within
anMPI implementatioris currentlybeingdevelopedaspartof aresearclprojectspon-
soredby the United StatesDepartmenbf Eneigy’s AcceleratedStratggic Computing
Initiative (ASCI). This work is beingcarriedout in collaborationwith MPI Software
TechnologyInc., PallasGmBH, and Intel KAI. This portableinterfaceis intendedto
provideaccesso low-level performancelatainsideanMPI implementationsuchasthe
length of the unexpectedqueueandthe time a messagdaswaitedin the unexpected
queue We hopeto leveragethisinterfaceto gatherparticularinformationthatrelatego
theready-modeeceve.

5 Summary

In this paper we have proposedan extensionof the MPI Standardo supporta new

receve function, the ready-modeeceve. This new function providesan opportunity
for improving performancéy avoidingtheunnecessaryaversalof anMPI unexpected
messageajueue.We have discussednary advantagesof this new function and also
presentednary agumentghatdonotsupportit. We believethatmorein-depthanalysis
is neededo adequatelyevaluatethe effectivenessof a ready-modereceve function.
We intendto usea new interfacethatis beingdevelopedfor gatheringlow-level MPI

implementatiordatato morefully understandheimplicationsandimpactof this new

receve function.
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